Platelet cyclic 3':5'-nucleotide phosphodiesterase released by thrombin and calcium ionophore.
Contact of rat platelets with thrombin or the divalent cation ionophore A-23187, in the presence of extracellular calcium, resulted in the secretion of adenosine 3':5'-monophosphate (cyclic AMP) and guanosine 3':5'-monophosphate (cyclic GMP) phosphodiesterases. Significant association of calcium with platelets occurred during platelet surface contact with thrombin. Thrombin concentration to induce association of calcium virtually agreed with that to release the enzyme. The finding that A-23187 (5 to 20 muM) also provoked a rapid and marked association of extracellular calcium with platelets suggests that calcium mobilization into the intracellular environment may account, at least in part, for this association between platelet and calcium. Two different phosphodiesterases, a relatively specific cyclic AMP and a relatively specific cyclic GMP phosphodiesterase were secreted from platelets into the plasma in soluble form. The amounts of the phosphodiesterases secreted were dose- or time-dependent on thrombin (0.1 to 2 units) or A-23187 (5 to 20 muM) within 30 min. The enzyme release by thrombin was completely inhibited by heparin but the release by A-23187 was not. The two phosphodiesterases secreted seemed to correspond to the two enzymes isolated from platelet homogenates in many respects. Rat platelets contained, at least, three cyclic 3':5'-nucleotide phosphodiesterases, namely, two relatively specific cyclic AMP phoshodiesterases and a relatively specific cyclic GMP phosphodiesterase which were clearly separated from each other by Sepharose 6B or DEAE-cellulose column chromatography or sucrose gradient centrifugation. The two platelet cyclic AMP phosphodiesterase (Mr = 180,000 and 280,000) had similar apparent Km values of 0.69 and 0.75 muM with different sedimentation coefficient values of 4.9 S and 7.1 S, respectively. They did not hydrolyze cyclic GMP significantly. A cyclic GMP phosphodiesterase (Mr - 260,000) exhibited abnormal kinetics for cyclic GMP with an apparent Km value of 1.5 muM and normal kinetics for cyclic AMP with a Km of 300 muM. The properties of a platelet cyclic AMP phosphodiesterase (Mr = 180,000) and a platelet cyclic GMP phosphodiesterase were found to agree with those of the two phosphodiesterases released from platelets by thrombin or A-23187. Depletion of extracellular calcium by an addition of citrate, EDTA, or ethylene glycol bis(beta-aminoethyl ether)-N,N'-tetraacetic acid (EGTA) to the blood or platelet suspension resulted in a loss of the activity of the smaller form of platelet cyclic AMP phosphodiesterase (Mr = 180,000) and addition of calcium restored the activity of this cyclic AMP phosphodiesterase. Thus, calcium seemed to be involved in the mechanism of an occurrence of this smaller form of cyclic AMP phosphodiesterase as well as the secretion of this enzyme. Contact of human platelets with thrombin also resulted in the secretion of cyclic nucleotide phosphodiesterase which was dependent on the concentration of calcium. No species difference was observed in this respect.